Daily urinary excretion of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) in one premenarchial and four postmenarchial girls was determined over a 3-month collection period. Samples were collected overnight and a 24-hr excretion was extrapolated. Gonadotropins were acetone-precipitated and assessed by using the Second International Reference Preparation of Human Menopausal Gonadotropin (2nd IRP-HMG).
Introduction
curred in many girls for a variable time after menMuch that has been written about the physiologic arche. This view has often been repeated, events that occur in girls at puberty has been speculaDetection of ovulation has been assessed by many tive. Novak [22] in 1930 stated that he considered it means [31] , most of them fallible to some extent. Behighly probable that anovulatory menstrual cycles occause of its simplicity, basal body temperature (BBT)
Excretion of follicle-stimulating and luteinizing hormones 19 recording has provided most of the information regarding the question of ovulalion at menarche. Coopennan [7] reported maturation to the typical adult biphasic, presumably ovulatory, BBT pattern from the monophasic "anovulatory" patterns in two postmenarchial girls. Benjamin [3] reported an "ovulatory" rise in BBT in two girls whom he observed before their initial menstrual period. Doring [11] found that, during 60% of the menstrual cycles of 42 girls 12-14 years old, there was no biphasic BBT pattern. These observations were interpreted to suggest that most early menstrual periods were anovulatory, but also that ovulation may occur before menarche. Midcycle gonadotropin peaks in normal menstruating women have been well documented [1, 6, 15, 29, 37J . Their relation to ovulation was observed by Yussman and Taymor [37] , although ovulation was not constantly found after a rise in gonadotropin. With sensitive radioimmunoassays, follicle-stimulating hormone (FSH) and luteinizing hormone (LI I) have also been measured in prepubertal and pubertal children [2, 12, 16. 24, 25. 28, 30] . Gonadotropin levels in urine, assessed by radioimmunoassay, correlate with bioassay measurements [1, 2, 13, 32] . These studies have yielded cross-sectional data on the rises that occur at puberty and how they compare with clinical evaluation of sexual development [2, 16, 25J. In an attempt to observe the gonadotropin secretion patiern of pubertal girls as a function in maturation of sexual development, we measured daily excretion of FSII and LH for a 3-month period in five pubertal girls.
Materials and Methods

Subjects
Five normal pubertal school girls were selected for study. Criteria for their inclusion were: (a) close proximity to the menarche, (b) height and weight between 10th and 90th percentiles [21] , (c) normal endocrine history and physical examination, and (d) willingness to participate. Their ages ranged from 12 to 15 years. Historic information was obtained regarding onset and pattern of pubertal development, onset of menarche, and dates of menses during the study.
Samples
A specimen of first-voided urine was collected each morning from each of the subjects who recorded the period of time since the last voiding. Random specimens were not obtained. Samples were kept for a maximum of 48 hr at room temperature before their handling in the laboratory. (There is no loss of immunoassayable gonadotropin in this period of time [1] .) Eleven normal adults collected 24-hr urine samples, keeping separate the first-voided urine collected in the morning.
Extraction
Follicle-stimulating hormone and luteinizing hormone were precipitated from urine aliquots with acetone and were resuspended in the buffer used in the assay (0.14 M XaCl, 0.01 M Na 2 PO 4 , pH 7.4) [2] . Recoveries of immunoassayable gonadotropins following this procedure approach 100% [1] . [18, 35] ; there is no cross-reaction with FSH [19] . Antiserum against rabbit gamma globulin was developed in sheep and used to precipitate (he complexed LII and anti-HCG [4] .
Assay
FSH. For iodinalion with '--"'I, a purified human pituitary FSH fraction LER 869-2, with FSH potency of 2782 IU/mg 2nd IRP-HMG was used [38] . The method of Midgley [20] was used. Specific activities were 74-198 /iCi/^.g. Rabbit antiserum developed against electrophoretically homogeneous FSII was used to complex the FSH [40] . This antiserum was previously adsorbed with HCG [5] . Antiserum to rabbit gamma globulin developed in sheep was used to precipitate the complexed FSH and anti-FSH.
Standards. Second International Reference Preparation of Human Menopausal Gonadotropin (2nd IRP-HMG), with an assigned biologic activity of 40 IU of FSH and 40 IU of LH, was used as a standard [41] .
Assay technique. Midgley's techniques [19, 20] for radioimmunoassay of LH and FSH were utilized.
Counting and calculations. A Picker automatic y counter with a 2-inch crystal was used to count precipitates. For analysis and evaluation of the limits of sensitivity, logit plots were used [14] . Standard values were assayed in triplicate. Each sample was assayed in dupli-cate at each of two dilutions. Statistical quality control was maintained as outlined by the criteria of Rodbard et al. [27] . Parallelism with the standard curve was obtained with serial dilutions of urine extract. Interassay variation for LH was ±0.85 mlU/ml SD at a level of 8.6 mlU/ml, and for FSH it was -1:1.2 mlU/ml SD at a level of 12.5 mlU/ml.
Results
Test of Extrapolation
Eleven first-voided morning specimens of urine obtained from normal adult volunteers were assayed for gonadotropin content. The excretion rate during the recorded overnight interval was used to calculate the presumed 24-hr excretion. The first-voided morning urine was then added to the remainder of the 24-hr specimen and the actual 24-hr excretion was assayed. These two sets of results are shown in Table I . Coefficients of correlation were determined and their significance is given in Table I [9] . Although a coefficient of correlation between 0.7 and 0.8 does not indicate complete dependence of variables, the high degree of significance indicates that the extrapolation technique does yield a valid estimation of 24-hr excretion of urinary gonadotropin.
Urinary Excretion Patterns of Gonadotropin
Figures 1-5 show the patterns of gonadotropin excretion in each of the five girls. Figure 1 shows a 20-day period during the 3-month observation of the premenarchial girl (TM) selected to show the two occur- rences of peak levels. At the start of the study, she was '2 7 /io years old, stage 3 of sexual development [34] , and was presumed to be approximately 1 year from the menarche [8, 17, 34] . During the 3-month period, two simultaneous LH and FSH peaks occurred. These were of the magnitude of normal adult midcycle peaks [I], although LH was in the very low range of normal and one FSH level could be considered higher than normal.
Figures 2-5 are composite plots of three consecutive cycles showing the range of values for FSH and LH on each day, relative to the midcyclic peak day (day 0). The cycles are centered on the peak LH value, which in all cases corresponds to a peak in FSH. Figure 2 depicts the pattern of a 14
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/[-~>-year-old girl (MM), who began to menstruate 1 month before the start of the study. The midcycle peak levels are within the normal range for adult levels, although again LH is in the very low normal range. There is a slight early follicular phase rise in FSH.
The levels of gonadotropins in the urine of two girls who were 1 year postmenarchial are shown in Figures 3 and 4 . In one 14% 2 -year-old subject, EC (Fig. 4) , an early follicular phase FSH elevation was observed. In Figure 3 (subject GW, 14 years old) a distinct follicular phase peak is not seen. Follicular phase levels are higher than luteal phase levels, without any clearly distinctive pattern other than a prolonged decline from the midcycle peak. Higher levels in follicular phases and peaks for both FSH and LH are seen in Figure 4 than are seen in Figures 2 and 3 . The levels in Figure 4 closely resemble those observed in the girl who was 3 years postmenarchial ( Fig. 5 ) and those observed in adults. Figure 5 (subject MS, 14% 2 years old) represents the urinary gonadotropin pattern in a girl 3 years postmenarchial. A distinct follicular phase rise in FSH is noted. There is a luteal rise in FSH occurring 2 days before the onset of menses. As in the previous figures, the midcycle LH peak shows a prolonged fall.
Quantitative Comparisons
Lengths of luteal and follicular phases for each of the menstruating girls are shown in Table II . Two of the cycles of MM (1-4 months postmenarchial) and all of the cycles of GW (1 year postmenarchial) had short luteal phases (less than 11 days). Mean values for FSH and LH during follicular and luteal phases for each girl are also shown in Table II . The two observed peaks in the premenarchial subject (TM) were excluded from calculation, as were the midcyclic peak values for LII and FSH in each cycle of the other four girls. Because in all four menstruating subjects there was a prolonged fall in LH after the midcyclic peak, the calculation of mean luteal LH values was made by eliminating the values from the first 5 days after the midcyclic peak. For comparison, similar calculations were made including those 5 clays and are shown in parentheses.
In each of the four menstruating subjects, all mean luteal phase FSH and LH values were found to be significantly lower than follicular phase values when the calculations for LH excluded the first 5 luteal days. This was not the case when data from the first 5 luteal days were included. Inasmuch as it has been only within the last few years that assays sensitive enough to measure gonadotropins in the prepubertal and pubertal years have been used, many of the hormonal events occurring during those periods are currently being unraveled. In that puberty is a process ending in the ability to reproduce [10] , ovulation sometime during that period in the female is tacitly implied. Yussman and Taymor [37] have shown that midcycle peak levels of gonadotropins in serum of adult women correlate with ovulation as documented by recovery of the corpus luteum. Their data indicate that mean LH and FSH levels in serum show significant elevations 24 hr before ovulation. Previous studies [16, 23, 24, 28] have shown the corand girls and their stage of sexual development. It has further been demonstrated that the rise in urinary excretion of FSH and LH, as measured by the techniques employed in this work, correlates favorably with the progressing stage of sexual development in males [2, 25) . In this study an attempt has been made to uncover the patterns of gonadotropin excretion in relation to the menarche. A significant observation in this study was the finding of occasional simultaneous FSH and LH spikes in a premenarchial subject. The values were quantitatively as great as adult midcyclic peaks [1] , although LH was in the very low normal adult range.
Intermittent spurts of gonadotropin excretion in
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HAYES AND JOHANSON prepubertal children have recently been observed by Rifkind el al. [26] . Our data demonstrate the occurrence of such spikes in the late premenarchial years. Because direct visualization of the ovary or subsequent pregnancy is necessary for the unequivocal demonstration of ovulation, it is impossible to say whether such peaks in the pubertal female are ovulatory or anovulatory. One may conjecture that these premenarchial spikes serve as primary stimuli to the previously unresponsive ovaries and precede the gonadotropin surges that subsequently result in ovulation. Similarity in urinary FSH and LH levels in the premenarchial girl and the early postmenarchial girls was found. This is in accord with the similarity in LI I values in serum for these two groups [36] . Such a finding indicates that there is a time lag from the attainment of adult level gonadotropins to the achievement of normal adult urinary gonadotropin excretion patterns, as observed in Figure 5 , perhaps correlating with fertility.
In all 4 postmenarchial girls, regular midcyclic peaks were noted to occur in 12 of 12 cycles studied. Whether these were ovulatory peaks remains unknown. Other corroborative evidence, such as BBT or pregnanediol levels, was not obtained in this study. One of the major differences among these cycles was the length of the luteal phase.
In the six cycles of MM and GIF (1 month and 1 year postmenarchial, respectively), there were five with luteal phases of 10 days or less. These girls also differed from EC and MS (1 and 3 years postmenarchial, respectively) in having midcycle LH peak levels which were less than half those of EC and M.S' . MS, 3 years postmenarchial, had cycles which resembled those of mature adult women in every way. The association of short luteal phase with infertility has frequently been made, and recently was related to decreased FSH/LH ratios in adult women [33] . Our data certainly do not show this association when midcyclic peak level ratios are compared. In fact, the reverse is true.
In the four postmenarchial girls, urinary gonadotropin excretion patterns were consistent with those previously reported for adult women as determined by immunoassay [1, 6, 15] . There was similar comparability when bioassay was used [29] . The late luteal rise in FSH reported in adult women by Cargille et al. [6] , however, was noted only in the 3-year postmenarchial subject. Early follicular FSH elevations were seen in three of four postmenarchial subjects, and prolongations in the fall of LH following the midcyclic surge were seen in all four subjects. A previous report [1] also noted this prolongation in the urine of adult women. Further studies on metabolic and renal clearance of gonadotropins must be done to establish the significance of this finding.
Summary
Immunoassays for urinary FSH and LH excretion over a 8-month period in five pubertal girls have led to the following conclusions: (a) simultaneous FSH and LH peaks can be seen before the menarche; (b) menstrual periods, even in the early (1-12-month) postmenarchial girl, are preceded by a simultaneous midcyclic surge in both FSH and LII; (<-; ) after the menarche, gonadotropin excretion patterns show qualitative and quantitative changes resembling adult levels; and (rf) there would seem to be a continuum in the development of the adult pattern of gonadotropin excretion.
